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-*~.there were few cases in which the elutriates were highly toxic. A factor in the response of the
algae was the concentration of the In oculum; with a heavy inoculum (over 30 ppm packed cell
volume) a group of sediment elutriates promoted growth, but in the presence of very dilute
inocula these same elutriates provided less growth than the controls.

,/ It was found that some sediment elutriates did not reduce the toxicity of sublethal
/ concentrations of Cu~~, but others did. Furthermore, prolonged storage of sediments at

refrigerator temperatures (but unfrozen) decreased the capacity of certain sediments to reduce
the toxicity of Cu~~ when combined with elutriates.

Variations in toxicity of sediments, within close proximity to each other, were demon.
strated with sediments from Puerto Mosquito Bay, Puerto Rico. Sediments from two stations
in the Bay were not toxic, whereas sediment from a third site greatly inhibited the growth

~ of the test organism.

~~ i~There was good reproducibility in the results of this study, which extended over a period
of three years.
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RESULTS OF AN ALGAL T OXICITY TEST APPLIED TO SED~~~ NT ELUTRIATES

Although the potential threat to aquatic life from dredging
and subsequent disposal of the spoils is being discussed increas ingly
in the literature there is no universally accepted thes is regard ing
the magnitude of the danger . Aside from the singular biases of the
researchers involved, there is confusion resulting from the muJ.tipl i-
city of sed iments ; further , sediments can be of freshwater , estuarine,
or marine origin, and their compos ition varies greatly in terms of
grain size , organic content, heavy metals , and other properties . Also,
the effects anticipated vary according to whether the potentially en—

• dangered species reside above , on, or within the sediment . For these
reasons there often is an ambiguous answer to the question “Is this
sediment toxic?”

Windom1, among others, has stated that water quality changes
cannot be predicted from bulk chemical analyses of sediments . Lee2
has taken the position that little or no toxicity to water column
organisms would be expected to arise from dredged material disposal.
As an example of this, threespine sticklebacks and coho salmon fry
showed no observable effect from 96—hr exposure to sediments from the
Duwamish Waterway in S~attle, Washingto~, although high levels of con-
taminants were present’. Huggett et al’~ studied the Cu and Zn content
of oysters i.n several estuaries and concluded that the higher concen-
trations were in organisms from fresher waters the gradients f ound
did not appear to be related to the di~tribution of these metals in
the sediments. On the other hand Bryan and Hummerstone5 f ound that
the concentration of Cu in the polyehaete, Nereis d iversicclor ,was
roughly related to the total concentration in the sed iment ; the Zn
content of the same organism remained remarkably constant despit e
wide variat ions in the environment, and appeareg to be accurat ely
regulated . A study made by Mathis and Cunsnings indicated that Zn
concentrations were highest in clams, intermediate in worms and
lowest in fish fillets whereas with Cu, Ni , Pb, Cr , Li, Co, and Cd
the concentrations were in the order worms >clams >fillets ; the
bottom-dwelling tubificids and clams closely reflected the concen-
trat ions of metals f ound in sediments.

One of the problems in correlat ing concentrations of pollutants
in sediments and in the biota is the time lag between various pro-
cesses . Young and McDermott-Ebrlich7 found that the tissues of
bottom-feeding f ish in the region of Los Angeles County ’s Joint Water

Note: Manuscript submitted January 15, 1979.
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Pollution Control Plant, off Palos Verdes, contained DDI’ and PCB ’s in
concentrations higher than would have been expected following a 4-year
reduction in the industrial input of these contaminants to the area .
They concluded that contamination of sediments by these synthetic corn-
pounds caused them to persist in fish long after major reducticns had
been made in the dominant inputs; this conclusion was consistent with
a laboratory study in which Dover sole maintained in clean, flowing,
seawater and fed clean food nevertheless accumulated high levels of DDT
and PCB when exposed to outfall zone sediments contaminated with these
compounds. In a parallel study, Eganhouse and Young8 indicated there
was not a significant mobilization of Hg from sediments by Dover sole .
~~amples such as these provide a measure of the complexity of the dy-
namic equilibrium existing between elements in the water, sediment,
and biota. Y~ny others could be cited.

It seemed important to study the effect of a variety of sediments
on a given organism as an indication of the range of toxicity one might
f ind with sediments. Previous experience with algal cultures in this
laboratory showed that reproducible data could be obtained with them9,10, both in terms of oxygen production and growth rates in the presence
of a given toxicant; algae were therefore selected for this study. One
advantage of their use is that toxic effects can be estimated in terms
of percent inhibition of growth rates1’ rather than the all—or-nothing
concept of lethality. For the growth rate determinations we chose to
monitor fluorescence as a measure of chloro~I~j -U content , a parameter
shown to coincide roughly with cell counts1’~.

MATERIALS AND .~~THOt$

Or~enism: Thaeodaptylum tricornutum Bobl in was maintained in stock cul-
tures prepared with the f/2 medium described by Guillard and Pytherl3,
and for 4 days before use it was suboultured in f/8 medium in 500 mi

• ~~1enmeyer flasks at 23.00 ± 0.1°C while illuminated with fluorescent
lamps . Artificial seawater was the base for this medium nnd was pre-
pared from chemically pure sa~.ts and distilled water accord ing to the
formula of I~rman and FlemiQ4 with the addition of 0.144 gm NaHCOi]
liter. Prior to their use the cells were centrifuged and washed three
t imes with 3.5% NaCl to remove residual nutrients. They were then made
into a slurry with 3.5% NaC1, and , after the chlorophyu content and
packed cell volume (Pcv ) of the slurry had been determined , appropriate
volumes were added to the test solutions.

Chlorophyll determinations of the slurry used for inoculat ing
the cultures consisted in subjecting 2.0 ml of slurry to a heat shock• (100°c for 1 1/2 min) followed by a cold shock (ice bath for severalmm ), extraction with 3.0 ml CH3OH and , ultimately, centrifugation.
Absorbances at 650 and 665 nm were determined with a Bec~~an DU spectro—
phot ometer, and the chl orophyll ~ content of the slurry was calculated
from the following expression:

L _ _  
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micrograms chlorophyll/ml = [ (16.5 x A6)
~~~ 

— (8.3 x A6
~°)) x 2.

PCV determinations of the slurry were made by centrifuging a mix-
ture, of 2 .0 ml slurry and 8 ml 3.5% NaC1 solution, for 15 minutes in
a haematocrit made from a test tube fused to a thick—walled capillary
tube . Calculations of the initial PCV of the test suspensions were
based on the PCV of the slurry and the volume used to prepare each
test suspension.

Pre~aration of sediment elutriates.: After a sediment was measured in
terms of a given volume, it was weighed and then added to a specified
volume of seawater, shaken periodically for 30 minutes, centrifuged in
plastic bottles to remove most of the particulates, and filtered

• through a O.45~ filter (90 ~~ diem. ) held in a Millipore ~jdr osol
filter (at 10 lbs . psi). The Hydrosol apparatus coirtained a plastic
coated perforated disc as a support for the filter, a feature con-
sidered important in minimizing the adsorption of dissolved components
in the filtrate because the fritted glass disc used in many filters is
i~iown to sorb appreciable amounts of minor constituents.

Com.~osit ion of test cultures: A sunmary of the formulas for the cul-
tures used in these experiments is shown in Table I. The concentration
of nutrients was the same In each test , corresponding to f/24 of the
Guillard and Rytber med ium; also, each test included two concentrations
of elutriate (referred to henceforth as Concentrated Elutriate and Half-
Cone . Elutriate), two controls , and two samples containing Hg as a
standard toxicant . The cell inocula were based initially on packed
cell volume (Pcv ) and , later, on chlorophyll content . Hg concentra-
tions used as a reference toxican-t varied according to the inoculum
used; for most of the experiments , which were started with 0.005 l.igm
chlorophyll/mi, the standard Hg concentration was 0.0033 ppm (mg/liter)
but for the heavier inocula based on PCV the Hg concentration used was
0.01 ppm. At 0.005 .~gm chlorophyll/mi , the inoculum would consist of
approximately 10,000 cells/mi and would be approximately 3 ppm of PCV.
The two concentrations of Hg were used simply for reference purposes
without an intent to derive the same toxicity from each. The purpos e
in ultimately adopt ing the more dilute Inoculum was to increase the
sensit ivity Qf th~ test method . A picture of ap illuminated aquarium
used Lu grow1.~g the cultures ta shown in Fig. 1. Stirring was provided
D~~ the magneci.c unlts uncerneach.
Prevarat ion of sus~ ens ions conta~~dr~ the standard toxicant: To mini-
mize errors caused by adsorpt ion, certain precaut ions were necessary.
The stock solution of HgCl2 (1.35 3 gnv’liter) was diluted tenfo] d just
prior to use, and the required volume of this diluted stock was added
to the test suspension immediately ; as mentioned earlier, the concen-
trations used- were either 0.010 or 0.0033 mg Hg/liter depending on the
inoculum used .

nH measurements: An Orion meter (Model 801), connected to an Orion
~v~anua1 Electrode Switch which can accommodate up to six electrodes,

L _
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was used to measure pH of many of the elutriates and of the test sus-
pensions at the beginning of each experiment . Constant stirring was
provided and each flask was stoppered to exclude free passage of air
over the suspensions. Readings were taken until a constant pH was
recorded , which often took more than an hour .

Assessment of growth: Fluorescence measurements formed the bas is for
estimates of the growth taking place in the test cultures . The pro-
cedure consisted in removing a 2 ml sample from each suspension, mixing
it with 20 microliters of a 1 milhimolar solution of 3-(3,4-.dicbJ.oro—
phenyl)-l,l-dimethyl urea (DCMJ), and measuring the fluorescence with
a fluoro-microphotometer (American Instrument Co.) equipped with an
R-l36 photomultiplier tube and Corning glass filters No. 5543 and No.
2418. The procedure involving the use of DCMIJ provides a more linear
relationship between fluorescence and chlorophyll content than is
obtained with the normal fluorescence measurement15 .

For the test suspensions listed in Table II , comparisons with
the controls were made solely on the basis of the relative fluores—
cences after a fixed period of 48 hours . For those included in Tables
Ill—Vill the comparisons were based on two criteria : the fluorescence
at the end of the test (44 hrs), and the growth rate calculated from
fluorescence measurements made after 20 and 44 hrs • When an inoculun
of 0.005 pgm chlorophyll/mi was used, by the time 20 hours bad elapsed
the cells were in the logarithmic phase of growth and the growth con-
stant , “k”, was calculated as follows :

k = in F1uor~~ ~~~ 
- In Fluor20 ~~~

24

R~~ TJLTS

Toxic ity of elutriates

The initial experiments were intended to determine the response
of the algae to elutriates prepared from several sediment/seawater
ratios . The results obtained with six sediments from the Pacific
(Table II) indicated that the lower sediment concentration gave essent—
ially the same result as the higher; In these experiments growth in the
elutriate—fortified suspensions was compared with the controls only on
the basis of fluorescence at 48 hours . In each case the elutriates
fostered growth, presumably because of the release of addit ional nu-
trients from the sediments. There was a problem in handling such
dense sediment/seawater mixtures because of the long filtration times,
even after an initial centrifugat ion of the slurries . The procedure
was changed, therefore , to a lower sediment/seawater ratio and a de-
creased inoculum concentration (from a maximum of 37 ppm PCV to approxi-
mately 3 ppm, but based on 0.005 pgm chlorophyll/mi). There were several
advantages to this new procedure: 1) less time was required to prepare
the particulate-free eiut r iat es , 2) with this lower tnoculum concentration

4

- - --. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



the algae were in the exponential phase of growth for a convenient
time period, making it possible to compute growth constants for each
culture, and 3) the sensitivity of the method was increased. By com-
paring the growth of the elutriate cultures with the controls in terms
of both the growth constant s and the fluorescence at the end of a fixed
time, a better insight into the effect of the elutriatea could be ob-
tained . The data summar ized in Tables Ill—Vill were obtained with the
one procedure involving the elutriation of 50 ml sediment with 950 ml
seawater, and with an inoculum of Phaeodactvlum cells such that their
initial concentration was 0.005 ~gm chlorophyll/mi

An elutriate was considered toxic if the culture made from it bad
both a lower growth constant and a lower fluorescence value at the end
of the experiment . In many cases, however, the elutriate suspensions
had a higher growth rate but a lower fluorescence than the controls .

• This was interpreted to mean that the lag phase of growth was pro-
longed, resulting in a low fluorescence reading at both 20— and 44—hi’s
compared with the controls, but an elevated growth rate in the 20-44
hi’s interval.

Table III siiiy~n~rizes the results obtained with sediments from
marine sites, many being close to shore. These were mostly innocuous ,
the greatest effect on total growth being caused by segments of a core
taken north of the mouth of the Orinoco River in Venezuela (Codes 19-
21). However, another segment of that core (Code 22) was tested at a
different t ime and had no effect; reference to the results obtained
with the standard toxiesnt in each experiment indicated that the cells
used in the earlier test were more sensitive, which probably accounted
for the initial apparent tcxicities. Factors caus ing such anomalies
are discussed later in this report.

Table IV suninarizes the data obtained with estuarine or fresh-
water sed iments from diverse areas , the most notable result being trit~
toxicity of a sediment from the bioluminescent Puert o Mosquito Bay in
Puerto Rico. The initial test of this sediment (Code 12) suggested
that it was toxic, and the repeat experiment (Code 14) verified the
result. Sediments from other sections of the Bay were not toxic .
Sediments from two sites in the New York Bight were tested (Codes 16
and 17) and the one composed of clean sand fostered growth while the
black, fine—grained, muck in another caused a reduction in the final
fluorescence. This result was conf irmed in a later experiment (Code
18). In Tables III and IV, double horizontal lines are used to group
together results obtained in a single experiment; in many instances
there was only one sediment in a study encompass ing assays of other
pollutants such as oils or heavy metals.

Because salinity was considered to be a factor in the potential
release of heavy metals in these experiments, it was desirable to de-
termine the effect of a series of sediments having different salinities,
such as those summarized in Table V. These caine from Delaware Bay,

S

_ _ _ _ _ _ _ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



extend ing from the area near the ocean to the uppermost limits of the
Bay. Three sediments appeared to be toxic according to the criteria
of this test (C5B, F1SB, and G2B); the toxic results with A2A and C8B
could be ascribed to a reduced illumination of the cells in the elu-
triate suspension because of a heavy precipitate formed after the
mixture of the elutriate with the culture medium. The locations of the
sediments listed in Table V are shown in Figure 2.

The purpose in using two concentrations of elutriate in the sedi-
ment assays was to explore the effect of different sediment loadings
in a disposal operation. In many instances both the concentrated and
the half—concentrated elutriate provided approximately the same result,
but in others there was a reversal of effects, e.g. Codes 12 and 13 in
Table III , and 9 and 10 in Table IV; Table V lists many such changes
between the concentrated and half —c oncentrated elutriates . Reference

• here is made to the f inal fluorescence values , not the ‘tk” values .

Role of elutriates in reducin2 toxicity of heavy metals

One of the factors considered Important in dredge spoils disposal
has been the release of heavy metals but it has been shown by Davey et
al~6 and others that metals are comp].exed by naturally occurring or-
ganic compounds, result ing in a decreased toxicity. To test this hypo-
thesis with the alga]. assay described here, an elutriate of a Mare
Island , CA, sediment was combined with Cu and Zn at concentrations
normally inhibitory to algal growth. The first segment of Table VI
summarizes the results obtained in this experiment, indicating that the
toxicity of each metal was reduced appreciably in the presence of the
diluted elutriate; even a i/S concentrated elutriate affected the toxi-
city of each. We should emphasize that in these experiments, the metal
salt solution was not added to the sediments ; it was added to the clear
solution of filtered elutriate plus culture medium following the addi-
tion of algal cells . A partial repeat of this experiment with a sedi-
ment from the Pacific, summarized in Table VI, Section B, gave a
different result indicating that the phenomenon was not to be expected
in all cases. In the latter case, the concentrated elutriate reduced

• the toxicity only slightly and the more dilute solutions had even less
effect.

For the sake of clarity the two experiments summarized in Table
VII are shown together although they were not planned as a continuum.
Because of the notoriety attached to the ecologically disastrous New
York Bight dumping sit e, we bad planned to use the black sediment
(Table IV, Code 17) as the source of organic coixrplexing material in an
experiment designed to show that an elutriate could reduce the toxicity
of a heavy metal. This was a prelude to a study in which sub—lethal
concentrations of Cu were added to a culture, with subsequent analyses

• of the cells and the liquid phase, to determine the distribution of Cu
as a function of timel?. In the first experiment, suninarized in Table
VII , the elutriate effectively reduced the toxicity of Cu at either

6



0.4 or 0.5 ppm, even with the elutriate diluted by a factor of 12.
Following that experiment, the sediment was left in the refrigerator
unfrozen for approximately 7 weeks . The sequel (2nd experiment , Table
VII) included only the 1/8 concentrated elutriate in the presence of
0.5 and 0.6 -ppri Cu but the results were different than expected ; there
was no reducti’~n of the Cu toxicity, suggesting that the characteris—
tics of the sediment had changed during the time it was in the unfrozen
(but cold ) state. This result prompted the study with another sed i-
ment to determine whe’. cr thawing played a unique role in the perf or—
mance of the sediment . A sediment taken from a site near New Guinea ,
which had been kept frozen since the time of collection, was compared
with another sample of the same sediment which was in the thawed (re-
frigerated) state for 6 weeks. As shown in Table VIII, neither sample
reduced the toxicity of either Cu or Zn in the manner previously ex-
pected. Perhaps the results would have been different if higher con-
centrations of elutriate had been used, but the results with the
sediment from Mare Island had been so convincing that the experiment
had been broadened in terms of toxicants rather than elutriate concen-
trations. These experiments suggest that there is a wide range of
results to be anticipated when sediment elutriates are tested with
sublethal concentrations of heavy metals .

• D~~CUSSION

The assays described in this report cover a period of approxi—
mately three years during which several large lots of synthetic sea-
water and multiple stock suspensions of algae were used. In many
biological tests it is not unusual for the results to vary over such
a long period, nevertheless the results of earlier tests compared
well with those run at a later date. The relat ive importance of dl! -
feren~ batches of seawater, pH, and other factors are described else-
where 0; an import ant factor in such experiments is the care taken in
mtrthirizing the adsorption of trace constituents of elutriates to the
walls of the culture vessels . For example , elutriates were used as
soon after preparation as possible.

To illustrate the reproducibility of the method we call attention
to several instances in which duplicate assays were run. Excellent
agreement was obtained in Codes 3 and 4 of Table III and also in Table
IV, Codes 12 and 14, and 17 and 18. In another instance of duplicate
assays, with the Cape Hatteras sediments (Table III, Codes 12 and 13),
the agreement was less satisfactory but partly explainable because the
toxicities of the standard 0.0033 ppm Hg samples in these tests differed
considerably. In the cases cited, the duplicate assays were perf ormed
at different times and with different sources of algal cells.

The purpose of this study was to broaden our knowledge of the
effects of dredge spoils disposal on the organisms comprising the
first level of the food chain. Sediments were collected from the

L ~~ • ~~ ~
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Pacific and Atlantic Oceans, the Caribbean and Mediterranean Seas , and
• from estuarine sites during a series of cruises on NRL research ships .
• To use a representat ive number of algal species in testing the effects

of these sediments was prohibitive; therefore only one organism was
used and the conclus ions drawn from these studies must be limited in
the light of that choice. Even with one organism the results can be
diverse, depending upon the manner in which the tests were conducted .
For example, under the conditions of the tests summarized in Table II
(i.e. with a relat ively dense inoculum ) all the elutriates promoted
growth, but when the elutriate of one of those same sediments was
tested at an inoculum concentration approximately 1/5th that of the
original (Table III, Code 32), there wa~ a slight inhibition of growth.
In a later experiment , with the greatly polluted sediment from To]~ro
Bay, Japan, inocula ranging from 0.001 to 0.045 ~tgm chloropbyll/ml were

• used with the concentrated elutriat e, and the progressive initial in—
hibition with decreased inoculum concentration became apparent . After
96 hours , hcwever, all the cultures were approaching the same maximum
fluorescence.

One unusual finding was the disparity of results obtained with
elutriates of sediments taken from locations in close proximity in
Puert o Mosquito Bay, Puerto Rico. Because of our interest in the bio—
luminescence of this bay, samples were taken at three sites ———— one
was toxic but the other two were not . A repeat of the experiment with
the toxic sediment gave the same result (Table IV, Codes 12 and 14).
Because of its shallow depth, less than 2 meters in most places , and
the inf luence of freshwater and seawater incursions there is a great
dynamism in the composition of the bay. Analyses of several water
samples were made, for example, and while the surface water at Station
“A” contained 0.032 ~~m at P/liter the water 1just 1 meter below had an

• undetectable amount . The distance from Station “A” to the others was
approximately 700 meters . A similar study was made of three locat ions
in Oyster Bay, Falmouth, Jamaica , which was another site of biolumi-
nescence, and only one of the three showed any toxicity .

In several instances, segments of cores from a single site were
tested and in general the results were the same for each rortion.
Table III contains an apparent contradiction in that three port ions
of a core taken from the Cariac o frenc h promoted growth but others did
not ; these results can be explained, however, in that the standard
toxicant (0.0033 ppm Hg) caused less inhibition in the first instance
than the others, indicating that the particular batch of cells used
was less susceptible for reasons not known.

Growth enhancement by elutriates occurred often in these experi-
ments, presumably because of the release of nutrients from the sedi-
ments. In at least one instance, with a sediment taken from the area
near Puerto LaCruz , Venezuela , t1~ere was a considerable increase in
growth which was anticipated ; the chlorophyll content of the s~rface
waters taken at the time the sediment was collected was S mg/rn-’ and

S
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the water contain ed an enormous population of anchovies. It was not
surprising, therefore, that sediments from that site would be rich in
nutrients.

Complexities in predicting the effects of dredge spoils disposal
are apparent in a comparison of the contrasting effects obtained in
the algal assays with concentrated and half-concentrated elutriates.
Reverse effects of the two concentrations could be seen in seven of
the eleven sediments from Delaware Bay and, among others , the sediments
from Cape Hatteras, Oyster Bay, and the New York Bight . It is possible
that each reverse effe~~ represents a response to toxic or growth pro-
moting entities which change considerably with concentration.

We had not anticipated changes in the complexizig characteristics
of sediments after being thawed from the frozen state. In view of the
premise that sediments should be stored at 4

0 C, and not frozen, it
would be interesting to compare the effects of a given sediment before
freezing and after freezing; from the results cited here there are in-
dications that sediments stored unfrozen in the refrigerator change
considerably but the freezing beforehand may have been respons ible for
the rupture of some microorganisms in the sediments. This point has
not been investigated.

• In connection with the complexation of heavy metals, it should be
mentioned that natural waters and elutriates of sediments often contain
organi~s which affect the activity of metal ions . Recently SuntIa and
Lewislo correlated the complexation of Cu by organic ligands in river
water with the reduction of toxicity toward Monochrvsia lutheri.
These results were consistent with several previous studies which in-
dicated that Cu~~ was the chemical species responsible for the toxicity
of copper , and they also supported the general thesis that suspended
sediments, as a source of organic compounds , would reduce the toxicity
of metal salts . In the studies reported here, however , there were
several instances in which sediments did not reduce the toxicity of
heavy metals (Table VI, part B; Table VII, 2nd section; and Table VIII)
indicating that generalizations may be hazardous in this matter. It is
reasonable to suppose that a sediment having a low cation exchange
capacity, such as sandy material, would not be effective in reducing
the toxicity of heavy metals but the sediments used in these particular
studies were not predominantly sandy .

A major concern in dredge spoils disposal is the translocation
of heavy metals from the sediments into the biota. This study has not
addressed that question directly although many samples of algal cells

• grown in the presence of elutriates have been collected and await
analyses. It had been shown here earlier19 that Hg203 which was sorbed
to a variety of sediments was not leached in detectable concentrations
by fresh seawater. This was not surprising since Hg forms such strong
bonds with sulfur, f or example, which occurs in both inorganic and
organic forms in sediments. Related to the problem ol’ heavy metal
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transfer through the ecosystem was a study of marsh plants which indi-
cated that heavy metals are seldom transferred in significant amounts
to the leaves and stems of these plants20. In another study of marsh
plants21, the uptake of Zn, Cu, and Cd could be predicted on the basis
of extraction of the sediment by diethylene triamine penta-acetic acid
(DPrA), but the correlation did not hold with Ni or Hg.

Having devoted considerable t ime to the study reported here, and
having found that most sediments are not toxic according to the con-
ditions of the algal test used, an overview of the project is certainly
in order . Probably the principal result is the conviction that the
disposal of dredged sediments will generally not be deleterious , from
a chemical standpoint, to the pr imary producers in the sea ; while not
a part of this study, it is possible that the turbidity resulting from
spoils disposal will play a more obvious role on photosynthesis than• the release of constituents from the sediments . Exten sive monitoring
of heavy metals in the water and in benthic macroinvertebrates along
the New ~~g~~nd Coast has indicated no substant ial change as the result
of dredging’~’.

Aside from the rough determination of the percent of organic
matter contained in these sediments , there has been no study of this
factor . It would be interesting to investigate the cation exchange
capacity, particular ly of the sediments known to have been altered by
a prolonged time in the thawed state.

Results with algal assays do not engender the type of zeal associ-
ated with ecologists ’ demands that certain actions be taken to preserve
species higher up in Nature’s pecking order . They can be useful, how-
ever , in detecting certain types of pollution; also in the studies here
the algae provided a handy t ool to detect the variety of responses
which might resu lt from various sedimexrt/seawater/lnocuium combinations.
For decisions to be made regarding a particular dredge spoils disposal
site it is conceivable that algae could serve a very useful purpose.
Research described by Kayser illustrates the po1nt2~’. He studied the
long term effect of “red muds ” on the growth of algae and in most of
the batch cultures used the algae grew at reduced rates initially but
eventually grew as well as the controls • In cont inuous cultures , how-
ever, with daily additions of the “red muds ” the growth rate was reduced .

Bulk chemical analyses of sediments are not likely to be parti-
cularly inf ormat ive on an ecological basis , and even chemical analyses
of a water columu, without a knowledge of the chemical speciat ion, can
be misleading. It is in these contexts that a biological assay becomes
imperative. An advantage of the biological assay based on algae is
that it can be done quickly and reproducibly, and the number of van -
ables to be considered can be manipulated rather easily.
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Fig. 1 — illuminated aquarium containing up to
10 cultures; two such aquaria were used.
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TABLE I — Composition of Test Suspensions

Artificial
Type of G6& medium Elut4ate seawater

suspenaion (cm3) (cm ’) (cm ’) Inoculum

Control 42 0 458 Either 29 ppm
PCV8, or 0.005
mg chlorophyll !
mib

Hg reference “ 0 “ “ “ “(0.010 ~~a,1
or 0.0033

Concentrated “ 458 0 “ “ “
elutriate
(Conc. El.)

Haif-Conc. elu- “ 229 229 “ “ “
triate
(1/2 Conc.)

apor experiments s~~~arized in Table II

b
For experiments sunmiarized in Table III, IV, and V.
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TABLE V — Effect of Elutriates of Sediments from Delaware Bay
on Algal Growth (44 His) Following

Inoculation with Cells at 0.005 Microgram Chlorophyll/mi

pH Effect according to:
Name 7. Sal. 7. Dry Wt . 7. Org. Cone. El 

________ 
k Vluor

A2A 1.42 38.8 8.7 6.91* Conc. -53 -86
½ cone . -12 .37

C58 1.70 47.5 5.8 7.83 Cone. -11 -38
½ cone. +12 -6

B88 1.78 75.7 0.5 8.05 Cone. +9 -24
½ cone. +9 +7

C88 6.65 
- 53.3 6.2 7.29* Cone. -28 -71

½ cone. -3 -22

D33 8.58 52.1 6.7 7.91 Cone. +19 -7
½ cone. +27 -3

Dtl8 17.16 77.5 1.3 8.18 Cone. +23 -2
½ cone. +13 +10

898 22.09 69.6 2.6 8.16 Cone. ? -19
~ cone. +4 +3

F2OD 24.24 65.3 3. 1 8.21 Cone. +23 -45
½ cone. +16 0

H2D 24.8 83.9 .7 8.10 Cone. 0 -16
½ conc. +3 +5

F18B 26.54 76.5 1.0 8.17 Cone. -13 -84
½ cone. -7 —26

G2B 33.96 74.1 1.5 8.18 Cone. -92
½ cone. -1 -26

- • 
-

~~~ 
*Yellow fl oeculant , precipitate gradually formed when elutriate was mixed with

cul ture medi,~n.
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TABLE VL Section A — Effect of Elutriate of Sediment
from Mare Wand, CA, on Toxicity of Copp er and Zinc

7. Change according to:
Cultur e ‘k” Fina l fluor .

Conc , elutriate +11 0
1/2 1-’ “ +1 0

Cu , 0.4 ppm -25 -49

Zn, 7.0 ‘1- -57 -72

Cu, 0.4 ppm + Conc. elut . +3 -7
ii 1-1 - Ci + 1/2 ~1- il — l — 5
ft ~1- “ + 1/4 “ “ 0 —13

1-’ ‘1- + 1/8 ‘1- ‘1- —6 —15

Zn, 7.0 ppm + Cone. elut. +5 -1
1- ’ 1- ’ + 1/2 ‘1- “ —4

1-’ ‘1- “ + 1/4 ‘1- “ —5 —15
1- ’ “ ‘1- + 1/8 ‘1- ‘1- —5 —16

Section B — Effect of Elutriate of Sediment from Pacific Ocean
(3041’S, 144°20’E) on Toxicity of Zinc

7. Change according to:

Culture “k” Final fluor .

Cone. elutriate -1 -17

Zn , 7.0 ppm -77 -86

Zn, 7.0 ppm + Conc. elut . -46 -74
“ 1-’ “ + 1/2 ii 

~ —57 —75
+ 1/4 “ “ —59 — 81

“ “ “ + 1/10” “ —70 —85
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TABLE VII — Effect of Elutriates of New York Bight Sediment
on Toxicity of Copper

1st Experiment, with sediment in frozen state until
• the time of the test:

7. Change according to:

Culture “ic ’ Final fluor.

Conc. elutriate +7 -13
1/2 1-’ “ +14 +20
1/4 “ 1-’ +14 +20
1/8 1-’ 1- ’ +8 +13

Copper , 0.40 ppm -21, -20 -29, -29
1-’ 0.50 “ -27, — 18 -44, —36

1/2 Cone. elutriate plus 0.40 ppm Cu -8 -11
1/4 1- ~~ “ ~ “ —9 —18
1/8 “ “ “ 1-~ I~ ~ —12 —22
1/12 “ ‘ “ “ “ —8 —16

1/2 Cone. elutriate plus 0.50 ppm Cu -6 -18
1/4 “ “ “ “ “ —8 —1.8• 1/8 “ “ “ “ “ ~ —15 —27
1/12 “ ii “ “ —1.

2nd Exper iment, with sediment in thawed state for
7 weeks prior to the test:

7. Change according to:

Culture “k” Final fluor.

1/8 Conc. elutriate +5 +13

Copper , 0.6 ppm -47 -57

1/8 Cone. elutriate plus 0.6 ppm Cu -42 , -44 -68, -66
“ “ “ “ 0.5 “ “ —38 , —47 —57 , —57

(The culture containing 0.5 ppm Cu alone was accidentally destroyed)

23

ma


